Objectives: We performed a meta-analysis to assess whether the newly introduced quick Sequential Organ Failure Assessment score could predict sepsis outcomes and compared its performance to systematic inflammatory response syndrome, the previously widely used screening criteria for sepsis. Data Sources: We searched multiple electronic databases including MEDLINE, the Cochrane Library, Embase, Web of Science, and Google Scholar (up to March 1, 2019) that evaluated quick Sequential Organ Failure Assessment score, systemic inflammatory response syndrome, or both (International Prospective Register of Systematic Reviews [PROSPERO]: CRD42018103327). Study Selection: Studies were included if the outcome was mortality, organ dysfunction, admission to ICU, ventilatory support, or prolonged ICU stay and if prediction performance was reported as either area under the curve, odds ratio, sensitivity, or specificity. Data Extraction: The criterion validity of the quick Sequential Organ Failure Assessment score and systemic inflammatory response syndrome criteria were assessed by measuring its predictive validity for primary (mortality) and secondary outcomes in pooled metrics as mentioned. The data were analyzed using random effects model, and heterogeneity was explored using prespecified subgroups analyses. Data Synthesis: We screened 1,340 studies, of which 121 studies (including data for 1,716,017 individuals) were analyzed. For mortality prediction, the pooled area under the curve was higher for quick Sequential Organ Failure Assessment score (0.702; 95% CI, 0.685-0.718; I 2 = 99.41%; p < 0.001) than for systemic inflammatory response syndrome (0.607; 95% CI, 0.589-0.624; I 2 = 96.49%; p < 0.001). Quick Sequential Organ Failure Assessment score consistently outperformed systemic inflammatory response syndrome across all subgroup analyses (area under the curve of quick Sequential Organ Failure Assessment vs. area under the curve of systemic inflammatory response syndrome p < 0.001), including patient populations (emergency department vs ICU), study design (retrospective vs prospective), and countries (developed vs resourcelimited). Quick Sequential Organ Failure Assessment score was more specific (specificity, 74.58%; 95% CI, 73.55-75.61%) than systemic inflammatory response syndrome (specificity, 35.24%; 95% CI, 22.80-47.69%) but less sensitive (56.39%; 95% CI, 50.52-62.27%) than systemic inflammatory response syndrome (78.84%; 95% CI, 74.48-83.19%).
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Quick Sequential Organ Failure Assessment (qSOFA) is a lowcost, 2-minute bedside clinical tool recently introduced to facilitate early recognition of sepsis (3) . The qSOFA score is marked by its extraordinary simplicity (measuring only blood pressure, respiratory rate, and mental state) and its utility in any health setting (including resource-poor countries). Earlier studies indicated that qSOFA could aid early recognition of sepsis; an abnormal qSOFA score (fulfilment of two or more criteria) predicted poor outcomes in patients with suspected sepsis (3, 4) . However, recent studies have challenged this finding, with some studies showing that qSOFA accuracy was no better than systemic inflammatory response syndrome (SIRS) criteria (5-7), the widely used screening criteria for sepsis (8, 9) . A number of recent meta-analyses had compared qSOFA and SIRS in their relative performance; however, these meta-analyses selected only a small number of all available studies (10) (11) (12) (13) (14) (15) (16) . Currently, no metaanalyses assessed all available evidence published to date.
In this study, we performed a meta-analysis of published studies on qSOFA in order to evaluate its ability to predict sepsis outcomes (e.g., mortality) and to compare its performance to that of SIRS criteria.
METHODS

Overview
This study was performed using a prospectively developed protocol, which prescribed the search strategy, study eligibility criteria, and the methods of data extraction and analysis. The study protocol was registered with International Prospective Register of Systematic Reviews (PROSPERO) (CRD42018103327; an updated search and analysis using the same protocol were performed on March 1, 2019). The reporting of findings followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines (see attached PRISMA checklist) (17) . The qSOFA score is defined by the Third International Consensus Definition for Sepsis and Septic Shock (Sepsis-3) Task Force and consists of three criteria: systolic blood pressure less than or equal to 100 mm Hg, respiratory rate greater than or equal to 22 breaths/ min, and altered mental state (decrease in Glasgow Coma Scale ≥ 1 point from patient's normal baseline) (3) . The SIRS criteria are defined as respiratory rate greater than 20 breaths/min, or serum partial pressure of carbon dioxide less than 32 mm Hg, body temperature greater than 38°C or less than 36°C, heart rate greater than 90 beats/min, or altered white cell counts (> 12,000/mm 3 or < 4,000/mm 3 or > 10% bands) (8) . For both qSOFA and SIRS, fulfilment of two or more criteria in each score is used as a threshold to indicate an increased risk of an adverse outcome (e.g., death), in accordance with international consensus definitions (3, 8) .
Search Strategy and Selection Criteria
We searched relevant publications between February 23, 2016 (the first publication of the qSOFA score), and March 1, 2019, using electronic database, including MEDLINE, the Cochrane Library, Embase, Web of Science, and Google Scholar. The search strategy used the following MeSH terms: 1) "quick Sequential Organ Failure Assessment" or "qSOFA"; 2) "sepsis-3" or "sepsis" or "infection"; 3) "systemic inflammatory response syndrome" or "SIRS"; 4) "mortality" or "death"; and 5) "non-ICU" or "emergency department" or "ICU. " The reference lists of each primary study were also handsearched for additional publications. Further searches were done by manually reviewing abstract booklets, conference proceedings, and review articles. No language restriction was used, and foreign language publications were translated.
Study Eligibility and Quality Assessment
We included all studies that met the following criteria: contained data of, at least, qSOFA or SIRS; enrolled patients presenting to emergency departments (EDs), hospitals, ICUs, or other healthcare settings (e.g., prehospital); included patients 18 years old or older; used accepted definitions of SIRS and sepsis (described above), and reported outcomes such as mortality, organ dysfunction, admission to ICU, ventilatory support, or prolonged ICU stay. Studies were excluded if they were duplicated studies. We assessed the quality of each included study using the Quality Assessment of Diagnostic Accuracy Studies (18) , in accordance with guidelines by the Cochrane Collaboration (19) .
Methodologic Framework
We adopted a methodologic framework similar to that developed by the original authors of the qSOFA score (3, 20) . In this methodologic framework, the criterion validity of the qSOFA score was assessed by measuring its predictive validity with outcomes. In the original qSOFA study, the primary outcome was hospital mortality and the secondary outcome was a composite outcome consisting of hospital mortality or ICU stay more than 3 days (3). Since the publication of the original qSOFA study, other primary outcomes (e.g., 28-d mortality) and secondary outcomes (e.g., organ dysfunction) have been reported in the literature. We have, therefore, in this meta-analysis, extended the primary outcome definition to include other measures of mortality and the secondary outcome definition to include organ dysfunction, ICU admission, prolonged ICU stay, or ventilatory support. To measure criterion validity, area under the curve (AUC) of the receiver operator characteristic (AUROC) curves and odds ratio (OR) of the logistic regression model were used, as in the original qSOFA study (3) . Because sensitivity and specificity have also been reported widely in the literature, these two metrics were also included in the current analysis.
Statistical Analysis
Summary estimates were presented, with 95% CIs, as pooled AUC/ OR and pooled sensitivity/specificity. A p value of less than 0.05 was deemed statistically significant. Meta-analysis of included studies was performed using established methods, with pooled analysis of AUC using methods by Zhou et al (for calculating the weighted summary AUROC under the random effects model) and pooled analysis of OR using methods by Mantel-Haenszel (for calculating the weighted pooled OR) and DerSimonian and Laird (for calculating the summary OR under the random effects model). Because a high level of heterogeneity was expected, we performed all analyses using random effects models and we quantified, in each analysis, the variability due to heterogeneity by using I 2 statistic. We further explored potential sources of heterogeneity by performing subgroup analyses. All subgroup variables were predefined prior to the analysis; they included study design (prospective vs retrospective), geography (resource-limited vs developed countries), population (ED vs ICU), and quality of the study (high vs low). In subgroup analysis, in order to correct for multiple comparisons across subgroups, a higher stringency level (p < 0.005) was adopted to determine statistical significance. Additional analyses were performed to assess the consistency and robustness of the meta-analysis findings. In the influence analysis, this was done by removing/adding one study at a time to assess individual study's effect on the pooled estimates. In the accumulative analysis, the studies were sequentially pooled, starting with the earliest studies with each successive analysis summarizing all the studies in the preceding years, thereby allowing the tracking of the pooled estimates over time. All statistical analyses were performed using Comprehensive Meta-Analysis and MedCalc.
RESULTS
Our search strategy identified 1,340 records, of which 143 eligible studies met the inclusion criteria. Of these studies, 22 studies were excluded due to duplication or missing data ( Fig. 1) . A total of 121 studies were included in the final analysis, which included 1,716,017 individuals (for a full list of included studies, see Supplementary File 1, Supplemental Digital Content 1, http:// links.lww.com/CCX/A94).
The included studies were drawn from a broad range of clinical settings ( Table 1) , including ED, ICU, general wards, and prehospital setting. The patient populations were heterogenous, including patients with different infections (e.g., pneumonia and urinary tract infection) and comorbidities (e.g., malignancy, cirrhosis, and hemodialysis). The primary outcome was reported in most studies as hospital mortality (67%) or 28-or 30-day mortality (35%). Secondary outcomes were reported in 47 out of the 121 studies (Table 1 ). Most studies had data available for both qSOFA and SIRS (n = 68), but some reported only qSOFA (n = 52) or SIRS (n = 1) ( Fig. 1 ). In addition, subgroup analyses were also performed in both primary ( For both primary and secondary outcomes, the pooled AUROC curves showed that qSOFA outperformed SIRS ( Fig. 2 and Table 2 ). For primary outcome, the pooled AUC for qSOFA (0.702; 95% CI, 0.685-0.718; I 2 = 99.41%; p < 0.001) was higher than that for SIRS (0.607; 95% CI, 0.589-0.624; I 2 = 96.49%; p < 0.001). The AUC difference between qSOFA and SIRS was statistically significant (AUC qSOFA 0.702 vs AUC SIRS 0.607; p < 0.0001). For secondary outcomes, a statistically significant difference was also noted, which showed qSOFA outperformed SIRS (Table 2 ). In addition to AUC, OR revealed a similar trend ( Table 2 ). For both primary and secondary outcomes, pooled OR showed that qSOFA strongly associated with sepsis outcomes, whereas SIRS did not show a statistically significant association with sepsis outcomes. For example, an individual with an increased qSOFA score (fulfilment of two or more criteria) was 3.205 times more likely to die of sepsis or 3.410 times more likely to experience secondary outcomes (e.g., organ dysfunction and ICU admission). There was no statistically significant association between SIRS and the primary outcome (OR, 1.163; 95% CI, 0.897-1.508) or between SIRS and the secondary outcome (OR, 0.796; 95% CI, 0.315-2.011).
Subgroup analyses confirmed that qSOFA outperformed SIRS across different settings and patient populations ( Table 3 ). The difference between qSOFA and SIRS remained the same irrespective of study design (prospective vs retrospective), patient populations (ED vs ICU), countries (developed vs resource-limited), or study quality (all studies vs low-quality studies excluded) ( Table 3 ). In these analyses, an adjusted statistical significance level (p < 0.005) was used to correct for multiple comparisons. Despite an increased stringency level, the difference between qSOFA and SIRS was statistically significant in most subgroups, except in one subgroup, namely, the ICU studies (Table 3) .
For primary outcome, qSOFA showed a lower sensitivity (56.39%) but a higher specificity (78.84%), whereas SIRS showed a higher sensitivity (74.58%) but a lower specificity (35.24%) ( Table 2) . For secondary outcome, a similar trend was observed; the qSOFA showed a lower sensitivity (54.86%) but a higher specificity (74.22%), whereas SIRS showed a higher sensitivity (73.02%) but a lower specificity (39.64%). Thus, in predicting both primary and secondary outcomes, qSOFA was more specific, whereas SIRS was more sensitive.
As expected, the included studies were highly heterogenous, with I 2 over 85% (indicating high heterogeneity) in most analyses. An extensive search for the source of heterogeneity across Sensitivity analysis was performed to examine the robustness of the findings of the meta-analysis. Because the primary outcome was reported as hospital mortality (67%) or 28-or 30-day mortality (35%), we analyzed separately the studies with hospital mortality and 28-or 30-day mortality ( Table 3 ). This analysis showed that the pooled estimates were likely similar among the hospital mortality (AUC qSOFA , 0.704; 95% CI, 0.683-0.725), 28-or 30-day mortality (AUC qSOFA , 0.694; 95% CI, 0.669-0.720), and all mortality (AUC qSOFA , 0.702; 95% CI, 0.685-0.718). Because a small number of studies did not fully meet the quality assessment criteria (Supplementary File 5, Supplemental Digital Content 5, http:// links.lww.com/CCX/A98), we repeated the analysis after excluding these studies. The findings of the repeated analysis did not differ significantly from the original findings (Table 3) .
Two additional analyses were performed to assess the effect of potential bias on our findings. First, an influence analysis was performed on both SIRS and qSOFA, across all metrics (AUC, OR, sensitivity, and specificity) and in both primary and secondary outcomes. This analysis showed that no individual study exerted a dominant effect on the pooled estimates (Supplementary File 6, Supplemental Digital Content 6, http://links.lww.com/CCX/A99; legend: influence meta-analysis on AUC [qSOFA for mortality prediction]). Second, a cumulative analysis was performed across the same parameters (AUC, OR, sensitivity, and specificity) and in both primary and secondary outcomes. It showed that the evidence was consistent over time, with the pooled estimates and their CIs stabilized as evidence accumulated over time. Importantly, the pool estimates remained unchanged even as more studies were added (Supplementary File 7, Supplemental Digital Content 7, http:// links.lww.com/CCX/A100; legend: cumulative meta-analysis on AUC [qSOFA for mortality prediction]), suggesting that adding more studies is unlikely to change the existing body of evidence.
Finally, we compared our meta-analysis to other recently published meta-analyses (Supplementary File 8, Supplemental Digital Content 8, http://links.lww.com/CCX/A101). In terms of sensitivity and specificity, these meta-analyses showed similar findings to our findings (qSOFA is more specific, whereas SIRS is more sensitive). However, these meta-analyses did not perform analysis on AUC or OR, with the exception of one study by Song et al (11) , which had a limited analysis on AUC and was performed on a smaller sample size including 23 studies (n = 146,551). Overall, these meta-analyses did not conclusively show whether qSOFA outperforms SIRS. On July 1, 2019, we updated our literature search and identified four additional studies that performed a head-to-head comparison of qSOFA versus SIRS. All four studies showed qSOFA outperforms SIRS (Supplementary File 9, Supplemental Digital Content 9, http://links.lww.com/CCX/ A102), which is consistent with our original finding.
DISCUSSION
Sepsis is characterized by life-threatening organ dysfunction triggered by infection. It induces a myriad of host response patterns, resulting in highly varied clinical courses/manifestations in different patients. This vast heterogeneity makes it challenging to develop a prognostic tool that can reliably forecast disease progression for each and every sepsis patient. The recently introduced qSOFA faces such a challenge; its acceptance by clinicians is predicated on the evidence that qSOFA can predict outcome, consistently and reliably, across different patient populations and clinical settings. This analysis, based on 121 studies (n = 1,716,017), is the largest meta-analysis to date that evaluates the ability of qSOFA to predict sepsis outcomes. Its findings confirmed that qSOFA score predicts sepsis outcome and this predictive performance is consistent across different patient populations and clinical settings. This analysis also revealed the performance of qSOFA to be modest (e.g., AUC 0.702 for mortality); nevertheless, qSOFA consistently outperformed SIRS criteria irrespective of study design (prospective vs retrospective), patient populations (ED vs ICU), or geography (developed vs resource-limited). Collectively, these findings provide a comprehensive evidence base to inform the current understanding of the qSOFA score in predicting sepsis outcome. This meta-analysis differs from previous meta-analyses on three major aspects. First, our meta-analysis is the largest study conducted so far; it has included 121 studies with over 1.7 million study participants. All previous meta-analyses included much smaller sample sizes. Second, analyses of AUC and ORs provide important information regarding the predictive performance of qSOFA. This approach (using AUC and ORs) was adopted by the original qSOFA authors (3). Our meta-analysis provides the most extensive analyses, to date, on AUC and ORs of qSOFA score. In contrast, previous meta-analyses did not provide AUC/OR data except for one study (Song et al [11] ), which performed a limited analysis on AUC. Third, by providing extensive analyses on AUC and ORs, our findings provide strong evidence that qSOFA outperforms SIRS. Previous meta-analyses do not provide such high-level evidence because they did not perform an extensive AUC and odd ratios analysis. In summary, our meta-analysis differs from other meta-analyses by having the largest sample size, a similar methodologic approach with the original qSOFA study and compelling evidence that qSOFA outperforms SIRS. b p values are calculated by comparing the summary estimates between quick Sequential Organ Failure Assessment and systemic inflammatory response syndrome. p < 0.005 is used as an adjusted level for statistical significance to correct for multiple comparisons across subgroups. c Adequate data were available for quality assessment to be performed in 93 of the 121 studies. The remaining 28 studies were in abstract format, which did not contain enough data for quality assessment. Of these 93 studies in which quality assessment was performed, 63 studies (shown in this table) reported AUC for mortality prediction. Thus, the quality assessment presented in this table is limited to the 63 studies in which sufficient data were available. qSOFA was designed as a clinical prompt to assist clinicians to identify high-risk patients (3) . In this aspect, qSOFA share some common characteristics with SIRS. As was recently shown by an extensive analysis of a large dataset (n = 1,171,797), SIRS also predicts sepsis outcomes (e.g., mortality) (9) . However, qSOFA and SIRS use different parameters; qSOFA includes blood pressure, respiratory rate (> 22 breath/min), and changes in mental state, whereas SIRS includes respiratory rate (> 20 breaths/min), temperature, white cell count, and heart rate. Unsurprisingly, the two clinical scores display different sensitivity and specificity (qSOFA more specific and SIRS more sensitive), as demonstrated by our findings. Neither score is perfect because each score has its own limitations-qSOFA has a lower sensitivity (i.e., it may miss those individuals with subclinical organ dysfunction), whereas SIRS has a lower specificity (i.e., it may cause unnecessary testing in lowrisk patients). In practice, the choice (qSOFA vs SIRS) is based on an optimal balance between sensitivity and specificity. The original qSOFA authors (the Sepsis-3 Task Force) had addressed this issue by calculating global performance parameters (e.g., AUC) and they compared the relative performance of qSOFA and SIRS by using these global parameters (3) . In this meta-analysis, we used a similar approach-it showed that the combined analysis by AUC, OR, and sensitivity/specificity provided a more accurate evaluation of the clinical scores' performance than using sensitivity/specificity alone.
This study has several strengths, including a large sample size, an inclusion of all relevant metrics (AUC, OR, sensitivity, and specificity) and the consistency of its findings. We used an exhaustive search strategy to identify both published and unpublished studies. This results in a large sample size (121 studies), providing us with an increased statistical power to detect a difference between qSOFA and SIRS. By analyzing global metrics (such as AUC and OR), we were able to demonstrate that the overall performance of qSOFA was better than SIRS, a finding not shown by previous meta-analyses (10) (11) (12) (13) (14) (15) (16) . This difference in AUC between qSOFA and SIRS seems consistent because the same difference was observed across different clinical settings, patient populations, or study design.
This study focused on criterion validity of qSOFA; it does not address other important aspects of sepsis diagnosis, such as content validity and construct validity (20, 21) . As stated by the original authors, qSOFA is not intended to be used as diagnostic criteria for sepsis; rather, qSOFA was designed as a clinical prompt to alert clinicians to consider the diagnosis of sepsis (22, 23) . The diagnosis of sepsis requires meeting a different set of criteria, namely the international consensus definition of sepsis (Sepsis-3), which has a higher content validity and construct validity than qSOFA score (20, 21) . The more formal Sepsis-3 criteria lack flexibility in enabling early recognition of sepsis (it requires laboratory tests to be performed, which can be time consuming and costly). qSOFA addresses this limitation by possessing three desirable characteristics of a less formal bedside tool, namely, 1) low measurement burden; 2) reproducibility; and 3) timeliness (20) .
Like all clinical prediction tools, there is an inherent risk in using qSOFA score in practice. Some qSOFA-negative patients do develop organ failure, and these false-negative cases can result in serious consequence (i.e., missed treatment opportunity). Thus, a negative qSOFA requires clinicians to continue to look elsewhere for evidence of sepsis. This raises the question of whether combining qSOFA with other tools, such as SIRS, may reduce false-negatives cases. Our findings suggested that qSOFA and SIRS do have complementary strengths; qSOFA is more specific, whereas SIRS is more sensitive. An intriguing next question is, therefore, whether a combined qSOFA/SIRS score may improve the overall prediction accuracy. Such questions should be addressed in future studies.
The qSOFA was designed to be used in the non-ICU setting. In this meta-analysis, a majority of the studies were performed in this setting, including 67 studies performed in ED and 12 studies performed in other non-ICU settings. The remaining studies included 28 studies performed in ED/ICU, and 13 studies performed exclusively in ICU. Overall, the relative proportions of distribution were 56% (ED), 10% (other non-ICU settings), 23% (ED/ICU), and 11% (ICU only).
As expected, heterogeneity was evident across the entire dataset. Despite an extensive search, the sources of heterogeneity could not be identified. There are several explanations for this. First, the subgroup analyses may have excluded key factors that had contributed to heterogeneity (e.g., timing of qSOFA measurement or stage of illness); however, information on these additional variables was not available in many studies, thereby precluding their analyses. Second, there were low number of studies in some subgroups, making them underpowered to detect a statistically significant difference across subgroups. Third, traditional metrics to define heterogeneity (e.g., patient populations, study design, and settings) may have been inadequate. Emerging evidence from "omics" studies has revealed that sepsis subtypes ("endotypes") are present, but they are usually undetectable by routine clinical evaluation or conventional laboratory tests (24) . These sepsis subtypes may have contributed to the heterogeneity observed in this meta-analysis.
It is expected that new qSOFA studies will continue to emerge, given the ease of qSOFA measurement and the low cost of performing such studies. A recent search in PROSPERO (a registry for meta-analyses) indicates that there are at least 12 meta-analyses on qSOFA, with some published but a large majority are still in progress. Therefore, an important question is whether adding new findings or future studies may change our findings. In our opinion, the additional studies are unlikely to change our findings for two reasons. First, our meta-analysis has a large sample size (121 studies consisting of 1,716,017 patients)-this generates a point estimate (AUROC qSOFA , 0.70) with a very narrow CI (0.69-0.72). Thus, adding more studies to the dataset is unlikely to narrow this CI any further. Second, we find that the point estimate stabilizes over time (as shown by our cumulative meta-analysis), and thus, adding more studies is unlikely to change the final point estimate. We expect that future studies are likely to gravitate toward this final point estimate, as predicted by the well-established regression to mean principle (25) .
This study has several limitations. First, it did not assess the incremental predictive validity of qSOFA. Our analyses were limited to analyzing the effect of having two or more qSOFA criteria fulfilled; the effect of having only one qSOFA criterion fulfilled remains unknown. Second, our analysis did not consider the effect of the timing of measurement. This needs to be addressed in future studies. Third, most included studies did not provide data on the component variable of either qSOFA or SIRS. Thus, the contribution of individual component (e.g., respiratory rate) to the overall predictive performance is unclear.
In conclusion, we found that qSOFA score has a modest ability to predict sepsis outcomes, but its predictive performance is better than SIRS. The higher performance of qSOFA over SIRS is consistent in different patient populations and across a diverse range of settings. However, our findings are limited by the presence of significant heterogeneity, which cannot be adequately explained by subgroup analyses.
